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Abstract-Tin oxide nanoparticles are prepared by electrochemical reduction method using tetrapropylammonium bromide (TPAB) and tetrabutylammonium bromide (TBAB) as structure directing agent in an organic medium viz. tetrahydrofuran (THF) and acetonitrile (ACN) in 4:1 ratio by optimizing current density and molar concentration of the ligand. The reduction process takes place under an inert atmosphere of nitrogen over a period of 2 h. Such nanoparticles are prepared by using a simple electrolysis cell in which the sacrificial anode as a commercially available in tin metal sheet and platinum (inert) sheet act as a cathode. The parameters such as current density, solvent polarity, distance between electrodes and concentration of stabilizers are used to control the size of nanoparticles. The synthesized tin oxide nanoparticles are characterized by using UV-Visible, FT-IR and SEM-EDS analysis techniques. UVVisible spectroscopy has revealed the optical band gap to be 4.13, 4.16 and 4.24 ev for (8, 10 and 12 mA/cm 2 ) and the effect of current density on theirs particle size, respectively.
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I. INTRODUCTION
Tin oxide is an important n-type semiconductor material with a band gap of 3.6 ev. It has been widely used in many applications such as optoelectronic devices (Kim, et al., 2002) fabricating solar cells (Moustafid, et al., 2002; Okuya, et al., 2001 ) electrochemical applications (Chen and Liu, 1999) , electrode materials for Li-ion batteries (Kim, et al., 2005) , catalysts for redox reactions (Chou, et al., 2003; Wierzchowski and Zatorski, 2003) and gas sensors (Moulson and Herbert, 1990; Li, Zhang and Kawi, 1999) . Due to its high sensitivity to reduce as well as to oxidize gases, SnO 2 has been used as the predominant sensing material in the field of solidstate gas sensors for environmental monitoring of CO, H 2 , and NO.
The large surface area of SnO 2 allows more surface to be available for CO adsorption and the subsequent desorption of CO 2 , which in turn would allow for an increase in its sensitivity (Sharp, et al., 1998; Farrukh, Heng and Adnan, 2010) . Nanosized SnO 2 could enhance the sensor performance because of its microstructural characteristics and electronic properties. In this work, I have synthesized SnO 2 nanoparticles by electrochemical reduction method because this method has several advantages such as high yield, easy isolation and simple control of size particles by adjustment of the current density.
II. EXPERIMENT
The synthesis of tin oxide nanoparticles by electrochemical reduction method for narrow size distributed metal nanoparticles. Cluster size was found to decrease with an increase in current density. This process has been used with two inexpensive electrodes to setup 50ml electrolyte solutions in which sacrificial anode consist of the bulk metal transformed into metal clusters. The supporting electrolyte consists of (TPAB and TBAB), each has served as a stabilizer for the metal clusters in different current density.
Thus in overall process the bulk metal is oxidized at the anode, the metal cations migrate toward the cathode and reduction will take place with the formation of metal or metal oxide in the zero oxidation state. powders is prevented by the presence of ammonium stabilizers. Initially, a tin sheet (1×1 cm) as an anode and a platinum sheet (1×1 cm) as a cathode were used in this work. The two electrodes were 1 cm apart. Tetrabutylammonium bromide (C16H36BrN) and Tetrapropylammonium bromide (C12H28NBr) (0.01 M) in acetonitrile/tetrahaydrofuran (4:1) served as supporting electrolyte. Upon applying current density of (8, 10 and 12 mA/cm 2 ) obtained  95% of tin oxide clusters stabilized by TPAB and TBAB. On application of electrical current, the anode slowly dissolves leading to formation and subsequently get passivated by active TPAB and TBAB species. The cluster size was found to decrease with an increase in current density.
This electrochemical reduction preparation of SnO 2 nanoparticles is shown in Fig. 1 . 
III. RESULTS AND DISCUSSION

A. SEM Analysis of Tin Oxide Nanoparticles
The surface morphology of SnO 2 nanoparticles is studied by scanning electron microscope. Fig. 2 shows the SEM image SnO 2 nanoparticles with magnification of 600. The instrumental parameters, accelerating voltage, spot size and magnification are used to obtain SEM image. It shows the microstructure of the electrochemical reduction, which runs the tin oxide nanoparticles that reveals the presence agglomerations.
The appearance of some particles has an irregular shape and their distributions are not uniform, and it is due to the partial solubility of surfactant in the solvent under the given experimental conditions at room temperature.
B. EDS Analysis of Tin Oxide Nanoparticles
The chemical compositions of synthesized tin oxide nanoparticles have been studied by EDS. Table I shows the ratio of oxygen and tin, which contains weight 55.03% and atomic 90.08 % of oxygen and weight 44.97% and atomic 9.92% of tin. Thus the total ratio of both elements equals to 100. Fig. 3 , EDS, indicates the presence of both elements. Fig. 4 Shows Fourier transformed spectrum of SnO 2 nanoparticles at room temperature. The spectrum has been recorded in the range of 4000-800 cm -1 . The FTIR spectrum shows the characteristic peaks at 1378, 968, 565 and 533 cm -1 . The bands at 1378 cm -1 and 968 cm -1 have been assigned to lattice vibrations due to decreasing the intensity which leads to overtones and combinations.
C. FTIR Analysis of Tin Oxide Nanoparticles
The bands around 565 and 533 cm -1 have been attributed to Sn-O stretching modes of Sn-O-Sn, respectively, revealing of the presence of SnO 2 . 
D. UV-Visible Analysis of Tin Oxide Nanoparticles
The optical absorptions of tin oxide spectrum at (8, 10 and 12 mA/cm 2 ) are sketched in the Figs. 5, 6, 7, 8, 9 and 10 and their absorbance are given in Tables II, III , IV, V, VI, and VII, respectively. It can be seen that the strongest absorption peak of the prepared samples at different mA of all samples appears at around 300 nm, 298 nm and 292 nm, which is fairly blue shifted from the absorption edge of SnO 2 nanoparticles. The UV-visible light emission peak at 342 nm of SnO 2 are related to the defect levels within the band gap such as O vacancies and Sn interstitial sites form during the particle growth. The emission peak at 362 nm generally ascribed to the band-toacceptor transition and related to impurity or defect concentration. The peak at 402 nm can be attributed to structural defect, such as nanocrystals and defects in SnO 2 nanoparticles and the emission peak at 502 nm is likely originate from oxygen vacancies where its intensity increase with increase concentration of oxygen vacancies. Also, the effect of current on tin oxide nanoparticles, which taken at different current densities, with increasing of current density leads to increase of absorption intensity and decrease of particle size. ARO ISSN: 2307-549X 
E. Calculation of SnO2 Nanoparticle size from UV-Visible Spectra
An absorption spectrum as shown in Figs. 5, 6, 7, 8, 9 and 10 can be obtained. The absorption peak appears at around 300 nm, 298 nm and 292 nm for different mA by using TPAB and TBAB salts. Using the excitation peak position (300, 298 and 292 nm) can be determined the band gap (E=hc/λ) of them, which are calculated (4.13, 4.16 and 4.24 ev). This can be calculated as the size of the nanoparticle, as given the following relation. 
Where R is the radius of the quantum size particles i.e. nanoparticles, tin dioxide has bulk band gap energy Eg of 3.6 eV and the effective reduced mass µ may be replaced by the electron effective mass (me* = 0.277m0). These values have been used for calculating the average size of excitation peaks at different current density, which are determined as (2.19, 2.13 and 1.98 nm). When the particle size decreases, the band gap increases. It can be concluded that the synthesis particles are nanoparticles, as shown in table VIII. synthesis of SnO 2 nanoparticles. The TPAB and TBAB salts are used as surfactant or capping agent have played significant role on controlling the particle size and serves as stabilizers for the metal clusters. Agglomeration and formation of undesired metal are prevented by presence ammonium stabilizers, also acetonitrile/tetrahydrofuran used as supporting electrolyte. Cluster size was found to decrease with an increase in current density. UV-visible spectroscopy shows that by increasing current density the absorption intensity increases, particle size decreases and band gap energy increases. The FTIR transmission of SnO 2 , n-type semiconductor, is sharply decreasing by electron absorption and the quality of vibrational information concerning the surface species, which depends strongly on the nature of the parameters. SEM confirms that the particles are in nano size and appearances of some particles are in irregular and block shapes. EDS confirms the total ratio of tin oxide nanoparticles and their chemical composition.
